Q

S DBartiins o Analysis of Alternative Means of
Transporting Heavy Tracked Vehicles
at Fort Hood, Texas

Transportation

Command

DOD-VA736-87-28
August 1987

Prepared by

U.S. Department of Transportation

Research and Special Programs Administration
Transportation Systems Center

Cambridge MA 02142

Prepared for

U.S. Army Forces Command
Deputy Chief of Staff for Engineering
Fort McPherson, GA 30330






ACKNOWLEDGEMENTS

This study was conducted for the U.S. Army Forces Command (FORSCOM), Deputy
Chief of Staff for Engineering (DSCENGR) under Intra-Army Order 51-85, dated 3
July 1985 (Develop Engineering Cost Trade-0ff Analysis/Feasibility Studies for
Railroad System Line at Fort Hood TX). The work was performed by the U.S.
Department of Transportation (US/DOT), Research and Special Programs Admini-
stration (RSPA), Transportation Systems Center (TSC), Office of Systems
Analysis and Research, Service Assessment Division (DTS-49).

The FORSCOM Technical Monitors were Mr. F.W.B. (Bil1) Taylor, Jr. and Ms.
Carole Jones (AFEN-TSF). Appreciation is extended to Col. W. Kirchner and LTC
J. Horvath (FORSCOM) for their overall guidance. The study was conducted
jointly by Dr. Douglass B. Lee, Jr and Dr. Bruce D. Spear, DTS-49, with
assistance from Mr. Robert F. Casey and Mr. Michael Jacobs. Mr. Jacobs, Chief
of the Service Assessment Division, also had technical oversight
responsibility. Liaison assistance was provided by Mr. H. David Reed, and Mr.
Ronald Madigan of TSC's Railway Safety Division. TSC Associate Director for
Systems Analysis and Research is Or. Thomas N. Harvey.






TABLE OF CONTENTS

EXECUTIVE SUMMARY

1.

2.

4.

Summary of Resu]ts ..........ll'..'l.lOl.........-..ll.......
Pre-Positioning of Tracked Vehicles at Training Areas .......

Critical Assumptions Affecting the Choice of Investment......

DESCRIPTIONS OF THE ALTERNATIVES

1.1 The Base Case (Full Roadmarch) Alternative .seececececeees
1.2 HET Alternatives ..ecesececsscescccccanascccacccssnsasans
1.3 Rai]A]ternatives ....'...l.‘......l..l..l....l.........'

TRANSPORTATION DEMAND ESTIMATES

On-Post Movement of Tracked Vehicles for Training .......

1

.2 Qutloading of Tracked Vehicles from South Ft. Hood ......
.3 On-Post Movement of Texas National Guard Vehicles ...ee..
.4 Shipment of Equipment and Spare PartS ..eeceececsccscaces

DIRECT CAPITAL COSTS

3¢l HET VehiCleS teveeececececossosnoacacesnccncassosnscasese
3.2 HET Structures and FAaCT lit1@S eeevecevocccacacscccacscose
3¢e3 RATT VBNTCTES teveuveecooceacoenseonsssssocsncacecanensess
3.4 Other Rail Facilities and EQUIpMeNt ....ceveeevecccscccoes
3.5 Railroad Right-of-Way and StrUCLUreS «eeeecececcceccosnens

TRACKED VEHICLE OPERATIONS AND COST SAVINGS

4.1 Operating and Maintenance COSTS seeeeecocsococcocoossanes
4.2 Depreciation cuieicecessoceeseccccsasecscsscasanoese I P
4.3 Computation of Annual Tracked Vehicle Cost Savings ......
4.4 Scheduling and Movement CONtrol ceecesevecooscscocacssese
4.5 Transportation for Tracked Vehicle CrewsS .c.eeeececceccose

TRANSPORTATION SYSTEMS OPERATION

HET Operations and Maintenance 95000800 0OOEPIPIISEOLODOEOISIISOEOETDN
Depreciation of Existing HET Vehicles and Facilities ....

5.1
5.2
5.3 Railroad Operations and MaintenanCe ....eeseececococosces
5.4 Depreciation of Existing Rail EQUIpMeNnt ....eeeececocnses

iii

Xiv
XV

(SN A I

11

25
25
26

29
31
32
35
35

41
44
44
47
48

51
54
56
59



6.

8.

9.

TABLE OF CONTENTS (Continued)

RIGHT-OF-WAY AND STRUCTURES MAINTENANCE AND DEPRECIATION

6.1 Tank Trail MaintenanCe ..ceecececcececscscscscsesccccsasancs 61
6.2 Highway Depreciation ceecececcesccscccssccans cessescass oo 63
6.3 HET Land US@ ceeeccccecccsccsocococssscscascsccaasssscnse 63
6.4 Rail Right-of-Way and Structures Maintenance ....cccececee 65
6.5 RaiT1l Land USE sveeeceessccscccacsesersesscesccaccnssascccse 67

OTHER COST SAVINGS AND BENEFITS

7.1 On-Post Transportation of Texas National Guard Vehicles . 69
7.2 Shipment of MATES Tracked Vehicles

and Spare Parts by Rail ceceeceeccccccscccecccosscnsne 70
7.3 Outloading of Tracked Vehicles from South Ft. Hood ...... 70
7.4 Shipment of Ammunition by Rail .ecvececncocns cesecssssass 70
7.5 Increases in Travel Time for Tracked Vehicle Movements .. 72
7.6 Time Savings for Mobilization teeeecececccceccces cscennao 74
7.7 Qualitative Benefits and Intangibles ...ccecececcacsccces 75

EVALUATION OF ALTERNATIVES

8.1 Project Evaluation .eeeececescoscsssccsceascocascsscsnsasae 79
8.2 Evaluation Parameters .ecceesceccescesscccsccsccsscccscscs 82
8.3 Comparison of HET and Full Roadmarch Alternatives ....... 87
8.4 Comparison of Rail and Full Roadmarch Alternatives ...... 87
8.5 Summary Indicators for Comparing AlternativesS ...ccceececes 90

PRE-POSITIONING: AN ALTERNATIVE APPROACH

9.1 Pre-Positioning Options ..eeeeececacccass cessssscssceccns 101
9.2 Computation of Tracked Vehicle Cost Savings

from Pre-Positioning ceceececceccccssoscccsscsscassos 104
9.3 Implementation Considerations and Other Impacts ......... 106

iv



TABLE OF CONTENTS (Continued)

APPENDICES

A

— OTIMOoO Ow

1-1
6-1

8-1
8-2

Detailed Specifications and Schematics for Rail

Alignment and Sidings/RailheadsS «eeeeeeecceoscceonas
Tracked Vehicle INVENtOrY .ueeeeeeevosossnoccccocconcanns
Computation of Average On-Post Distances to Training ....
Tracked Vehicle Mileage COMPUtALTiONS eeeeeccecsccoonnnnns
HET and Rail Mileage COMPULALTONS veeeevcvococcooocconessn
Data Sources for Unit CoSt EStimates .seeeeeceoceceocecens
Instructions for Use of Computer Package for

Ft. Hood Transportation Evaluation ...ececeecceceses
Estimates Index from Original Ft. Hood Rail Analysis ....
Summary Comparisons of HET and Rail Alternatives

under 10 Percent and 4 Percent Discount Rates ......

=t pd et et fd

o, ﬁ'll'lcl (qp el -3
1

—
[]
—

LIST OF FIGURES

Proposed Ft. Hood Rail Alignment ...eeeeeececccoceoccess 7
Relationship of Pavement Stress to Axle Weight ......... 64

Time Profile of Depreciation and Interest With CRF ..... 83
Capital Cost Components Used for Summary Indicators .... 91



—

|
OO WN -

]
o

oD NN NN
1

LIST OF TABLES

Summary Of RESU]tS e0 0000 OPCROSERINONOIBOECETSEONOEONERNOESOSS cesevvevsse

Fort Hood Tracked Vehicle InNventory .ceeccececsccescecess
Military Unit Types and Annual Training Frequencies ....
Average Round-Trip Vehicle Miles to Training ...cceeeeeee
Computation of HET Usage Under Partial HET Operations ..
Annual Tracked Vehicle Miles to and from Training ......
Components of Average Annual Tracked Vehicle Mileage ...
HET Annual Vehicle Mileage Summary ...cceceee. csesssfece
Rail Annual Vehicle Mileage SUMMAry eeeeeecccssssscscccce
Computation of M60 Tank Trips from MATES .ceceeccenccces
Annual Vehicle Miles for On-Post Movement

of TXNG Units .eeeeees eevesssscssssessssessscsnnnss

Direct Capital Costs - HET Vehicles and Fixed Facilities
Direct Capital Costs - Rail Vehicles and Facilities ....
Direct Capital Costs - Railroad Track Construction .....

Unit Costs for Tracked Vehicle Operations

and MaintenancCe ..cceeceeccocccscoscassscscccccnssas .o
Unit Costs for Tracked Vehicle Depreciation .c..eeececess
Tracked Vehicle Annual Operating Cost Summary ...ccceeee
Additional Tracked Vehicle COStS seeeesscccsssaccccoccss

HET Annual Operating Cost SUMMAry .c.eeceeccescss seesasans
Depreciation of Existing HET Vehicles and Facilities ...
Rai lroad Operating Costs and Depreciation ....... calesne

HET Right-of-Way Maintenance Costs and Depreciation ....
Railroad Right-of-Way and Structures Maintenance Costs .

Cost Savings from the On-Post Transportation

of TNXG VehicleS tieeeecrcccrscsscaccccscncence cees
Cost Savings from Outloading at the

South Ft. Hood Railhead ..eeeececene ceesscssssssses
Additional Travel Time Required per Training Mission ...

Parameters Used in Evaluation ...eeescececcccscscccccnscns
Summary Comparison of HET Alternatives to Roadmarch Base
Summary Comparison of Rail Alternatives

to Roadmarch BaSe .ceeececccsscoscaccsscscscccasass

Summary Evaluation Measures ..cecececscocccecscccas. ceas
Sensitivity Tests and Summary StatisticsS cceeeceeccccecces
Effectiveness MeasuresS ....cccceecesccsccccssccccccccnsens

Tracked Vehicle Cost Savings from Pre-Positioning ......

vi

69

71
73

84
86

88

97
99

105



LIST OF ACRONYMS

AMC Army Materiel Command

ARLF Average Remaining Life Factor

ASB Ammunition Storage Bunker

ATSF Atchison, Topeka, and Santa Fe Railroad
AVLB Armored Vehicle Launched Bridge

B/C Benefit to Cost Ratio

COFC Container-on-F latcar

CRF Capital Recovery Factor

DEH Directorate of Engineering and Housing
DIVAD Division Air Defense

DIVARTY Division Artillery

DOL Directorate of Logistics

DR Discount Rate

DRM Directorate of Resource Management

EAC Equivalent Annual Cost

ESAL Equivalent Single-Axle Load

FTX Field Training Exercise

G3 Division Training Office

G4 Divsion Supply Office

HET Heavy Equipment Transporter

MATES Mobilization and Training Equipment Site
MLRS Multiple Launch Rocket System

MTMC Military Traffic Management Command
MTOE Modification Table of Organization and Equipment
NTC National Training Center, Ft. Irwin, CA.
0&M Operating and Maintenance

OMB US Office of Management and Budget

POL Petroleum, 0il, and Lubricants

PV Present value or present worth

ROW Right-of-Way

SAM Surface-to-Air Missle

SUPCOM Support Command

TACOM Transportation and Automotive Command
TOW Tube-Launched, Optically-Sited, Wired-Guided Missle
TROSCOM Troop Support Command

TXNG Texas National Guard

vii






EXECUTIVE SUMMARY

The problem addressed in this report is a transportation problem -- Given
that a volume of heavy tracked vehicles must be moved from storage and
maintenance locations to field training and other locations, what is the best
way to move them? The options are to drive them, carry them by heavy
equipment transporters (HETs), or carry them by railroad. Within each of
these options are several variations, generating a total of roughly 10
alternatives for evaluation.

To facilitate comparison, as much as possible is held constant among the
alternatives. Total vehicle mileage for training purposes, for example, is
assumed to be the same for all alternatives. Those things which are affected
by the choice of alternatives are labelled impacts, and separated into costs
and benefits. For this analysis, costs include direct capital expenditures
(new trucks, new rail construction), and transportation costs (operating
costs, depreciation of existing facilities, maintenance of rights-of-way and
structures); benefits consist of tracked vehicle operating cost savings and
shipping cost savings.

This information -- most of which must be estimated, with at least some
degree of error, and some of which is subject to several interpretations or is
inherently elusive in magnitude -- is used as data for the evaluation of the
alternatives. Decisions about discount rates, capital asset lifetimes, and
opportunity costs are made during the evaluation phase. The results, inevi-
tably, are sensitive to the values of the data and parameters, and a range of
uncertainty is explored to determine the points at which one alternative
succeeds another. The choice of investment, if any, depends upon which
combination of data and assumptions is thought to reflect most closely the
essence of the choices available.

The analysis suggests that tracked vehicles in general, and the M1 tank in
particular, are so costly to operate in a self-powered mode that almost any
method for transporting them will save enough in tracked vehicle operating
costs and depreciation to be worthwhile. Whether the preferred mode is HET or
rail may depend upon considerations lying outside this analysis, but the
weight of evidence thus far tends to favor HETs as the more cost-effective
alternative.
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SUMMARY OF RESULTS

A summary of the study results is presented in Table 1. Ten transpor-
tation alternatives were explicitly examined:

° A Full Roadmarch alternative, in which all tracked vehicles are

roadmarched to the field; this alternative served as the base
against which other alternatives were measured.

° A partial HET alternative intended to replicate Current HET
Operations at Ft. Hood. -

() An Expanded Existing HET alternative designed to maximize the use
of the 96th lransportation Company for transporting M1 tanks and
M2/M3 Bradleys to and from training areas.

(] Three Full HET alternatives, which require the equivalent of two
full HET companies on post. Two of these alternatives utilize
military HETs and differ only in where the HET companies are
assigned organizationally. The third alternative utilizes HETs
and drivers supplied by a civilian commercial hauler.

() A Full Rail alternative, in which a single-track rail loop wouid
be constructed from South Ft. Hood, to the MATES facility at

-North Ft. Hood, and back to South Ft. Hood, along an alignment
roughly parallel to the existing range roads, and including a
spur to the existing Santa Fe Railroad mainline trackage.

° Three Partial Rail alternatives incorporating the main line spur
and the segment from South Ft. Hood to North Ft. Hood along West

Range Road, plus one or none of the following segments: MATES to
Crittenberger tank range, or South Ft. Hood to the Curry ranges.

All of the project alternatives appear cost-effective relative to the Full
Roadmarch alternative, due primarily to the high cost of roadmarching heavy

tracked vehicles. On an annualized basis, rail operations are less costly to
operate and maintain than HETs, but the Full HET alternatives achieve substan-

tially greater reductions in tracked vehicle mileage, because HETs are able to
transport tracked vehicles much closer to their final training destinations.
In terms of net annualized benefits (annualized benefits less annualized

costs), the Full HET alternatives in general, and the commercial HET alterna-
tive in particular, appear to be most cost-effective.

Brief discussions of specific cost elements and noteworthy differences
among the transportation alternatives are presented below.
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New Capital Costs. Initial capital costs are those expenditures for
guideway construction (railroad and highway), equipment (tractors, semi-
trailers, locomotives, flatcars, maintenance equipment), and facilities
(shops, yards, buildings) required to support each alternative. As would be
expected, initial capital costs for the rail alternatives are much higher than
for the HET alternatives.

When annualized, new capital costs for the rail and HET alternatives are
closer together: $2.4 million for the military Full HET versus $6.0 million
for the Full Rail (a ratio of about 2.5 compared to almost 5.5 for the lump
sum figures). These results are based on a discount rate of 7 percent and
expected lifetimes of about 10 years for HETs versus 40 years for rail
facilities. Thus, the large initial expenditure for rail buys a longer-lived
asset, but one which is still more expensive on an annual basis when both
depreciation and opportunity costs are included.

Transportation Systems Operations. Costs for operating HETs include
repair parts, fuel and lubricants, drivers and maintenance labor, depreciation
of existing tractors and semitrailers, administrative overhead for HET
companies, and repair of damage to on-post highways. Using existing HETs does
not eliminate either the capital depreciation or the opportunity costs of the
vehicles from the costs of the HET alternative, but the costs appear as oper-

ating costs rather than as initial capital expenditures. HETs also produce
substantial highway damage from carrying heavy loads on light-duty roads.

Operating costs for the commercial HET alternative are substanitally less
than those for the military HET options, even after inclusion of a reasonable
profit for the commercial hauler. These cost differences can be attributed
to: 1) Tlower maintenance costs for commercial HETs; 2) a reduced number of
drivers and mechanics; and 3) fewer supervisory personnel. The capital costs
of commercial HETs are also less than those of military HETs because they do
not need to operate in a combat environment.

Rail operating costs are substantially less than those for any of the HET
alternatives due to the high load capacity and durability of the vehicles and
guideway, and substantially lower labor requirements.

The opportunity cost for land at Ft. Hood taken from other purposes for
use in transportation was valued at the price required to purchase additional
land at the fringes of the post. Land costs represent less than one-half of
one percent of the annualized costs of the alternatives.

Annual Transportation Benefits. All benefits are measured as cost savings
for The transportation of tracked vehicles and other equipment, relative to
the Full Roadmarch alternative. M1 tanks cost roughly $183 per mile in
avoidable costs to operate, and the Bradley M2/M3 vehicles cost about $103 per
mile. Most other tracked vehicles range downward from there in operating
cost. These costs include replacement parts at all levels (battalion to

depot), as well as civilian and military maintenance labor. Crew costs are
not included.
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Other benefits included in the evaluation are shipping and outloading cost
savings for the rail alternative, and reduction in the maintenance costs of
tank trails.

Current operations with existing HET vehicles already achieve a modest
share of the potential tracked vehicle cost savings. Optimal use of the
existing on-post HETs could more than triple these savings. The Full HET
alternative realizes the greatest annual benefits -- $29.4 million per year --
a sum which would both cover its operating costs and repay its initial capital
investment within one year. The rail alternatives also generate substantial
cost savings, ranging from $13.8 million for the shortest rail segment to over
$19 million for the Full Rail alternative. With these benefits, even the most
expensive rail system would be able to repay its initial capital investment in
5.6 years.,

Net Annual Benefits. Although the Full HET alternative yields the
greatest benefits, it is also the most costly to operate and maintain, on an
annual basis. Subtracting annual costs from annual benefits yields a net
annual benefit of $17.8 million for the military Full HET alternatives and
$20.3 million for the commercial HET alternative. Similar computations for
the rail alternatives yield net annual benefits ranging from $9.5 mi1lion to
$12.3 million.

Among the rail alternatives, the West Rail segment with an extension to
the Crittenberger range generates the largest net benefits ($12.3 million),
and at a Tower initial and annualized cost than either the Full Rail ($12.0
million), or the West Rail segment plus Curry extension ($12.2 million).

A1l of the project alternatives that were considered are much better than
the Full Roadmarch or current HET operations. The commercial HET alternative
generates the largest net benefits, and is also the least risky, in that
nearly all of the capital assets acquired under this alternative could be
liquidated should the need to transport tanks on-post at Ft. Hood diminish.

Other Impacts and Considerations. A number of impacts could not be-
explicitly monetized, either because of uncertainty in their outcome or
disagreement in their valuation. Nevertheless, they represent important
considerations that should be addressed in selecting among the alternatives.

Construction of a railroad on post at Ft. Hood has the potential to reduce
transportation costs for bulk shipments of fuel, ammunition, and repair parts,
as well as the outloading of men and equipment. Based on the information made
available to the study team, approximately $1.4 million in annual cost savings
could be achieved from the proposed track configurations; these savings have
been explicitly included as rail benefits. Further savings would require
construction of additional trackage, not necessary for the on-post movement of
tracked vehicles. These other rail construction efforts can and should be
evaluated as independent projects.
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The increased number of sidings and railheads available under the rail
alternatives have the potential to significantly reduce the time required to
out load large volumes of vehicles and equipment from Ft. Hood. The strategic
value of this reduced time for mobilization (up to 3 days per armor division),
depends on both the specific mobilization scenario and any downstream
constraints in the mobilization network.

A1l of the transportation alternatives will significantly increase the
time required to move tracked vehicles from their cantonment areas to field
training areas. These travel time increases range from 1 to 12 hours per
training mission under the HET alternatives, and from 3 to 18 hours per
training mission under the rail alternatives. While the value of the extra
travel time depends in large part on how it would otherwise be used, it is

c lear that this impact represents a decrease in the net benefits presented in
Table 1.

Both the HET and rail alternatives provide division troops with additional
training in loading and unloading tracked vehicles. While there is clearly
some positive value in this training, it is not clear how much training is
needed to maintain an acceptable level of proficiency among the units. The
military Full HET alternatives also provide additional training for HET
drivers, and establish at least one additional military HET company capable of
providing combat support to the resident armor divisions.

A potential drawback to the military HET options is that fulltime
utilization of military HET vehicles will accelerate their depreciation and
decrease their state of combat readiness. While vehicle depreciation and
replacement have been explicitly accounted for as costs in the analysis,
combat readiness implies that the vehicle is available for service at any
specific point in time. This problem does not apﬂly to either the commercial
HET or rail options, because they use equipment which would not be mobilized.

PRE-POSITIONING OF TRACKED VEHICLES AT TRAINING AREAS

As an alternative to transporting tracked vehicles to and from training
areas, the vehicles could be stored in the field, closer to their training
areas. The substitution of pre-positioning for some form of on-post trans-
portation system does not appear to be cost-effective because pre-positioning
would require substantially more tracked vehicles than are currently available
at Ft. Hood, as well as additional facilities to store and maintain them. The
capital costs to acquire the additional vehicles are greater, on an annualized
basis than the potential cost savings.

A more modest pre-positioning option, implemented in conjunction with an
on-post transportation system could provide additional cost savings in the
range of $4 to $5 million per year through the reduction of inter-range travel
for armor and infantry/cavalry units during gunnery qualification exercises.

A potential issue related to pre-positioning concerns the willingness of M1
and Bradley crews to share their vehicles with other units.
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CRITICAL ASSUMPTIONS AFFECTING THE CHOICE OF INVESTMENT

Evaluation of investment alternatives is based on assumptions and esti-
mates; there are no absolute "true" assumptions or "correct" numbers. Assump-
tions are derived, in part, from theory, but many critical choices will always
be left to judgment. For each set of assumptions, there are quantitative
dollar magnitudes that represent the concepts of cost and benefit embodied in
the assumptions. These magnitudes can be estimated, with varying degrees of
accuracy, by acquiring data that provide relevant empirical evidence. It is
almost never a matter of finding the right number, but of constructing the
best number to represent the assumptions.

Obviously, some assumptions and estimates have greater impact on the
evaluation than others. A fundamental purpose of good economic analysis is to
direct attention to those particular assumptions -- varied within a plausib le
range of choice -- that are most likely to tip the apparent preferability of
an alternative one way or another. Those assumptions that have emerged from
the analysis as being the most critical are described below, in more or less
descending order of importance,

Tracked Vehicle Operating Costs. Estimates on the unit costs of road-
marching M1 and M2/M3 vehicles are detailed in Chapter 4, and these costs are
very large. The consequences of using these estimates are twofold: first,
any of the proposed investment alternatives generate sufficient savings from
reduced tracked vehicle mileage to easily pay for themselves; and second, the
alternative that focuses most single-mindedly on carrying tracked vehic les
instead of roadmarching them (the HET alternative) dominates the others.
Benefits from other uses of the railroad are small compared to the HET
benefits in reducing vehicle mileage for the M1 and M2/M3.

The operating and maintenance costs for the M1/M2/M3 tracked vehicles were
obtained directly from the Army's Tank and Automotive Command (TACOM) and
represent the most recent and complete empirical cost data available. Never-
the less, because of the influence these unit costs have on the study results,
sensitivity tests were conducted. Substituting estimates for tracked vehicle
unit operating costs equal to approximately half the TACOM values, for
example, yields net annualized benefits of $4.4 million for both the military
Full HET alternative and the Full Rail alternative. In other words, the two
alternatives become virtually identical in terms of their net benefits and,

although they still yield positive net benefits, those benefits are
substantially reduced.

Thus, the most critical assumption in the analysis is that the Army will
continue to use the M1/M2/M3 tracked vehicles, or ones equally costly to
roadmarch, in the future. Procurement of tanks that are cheaper to operate,
substitution of different vehicles for field training, or other actions that

would reduce roadmarching costs, could significantly change the character and
benefits of the alternatives.
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Rai lroad Construction Costs. The single greatest cost item for any of the
rail alternatives 1s the capital costs of constructing the mainliine trackage
and-sidings. As with the tracked vehicle operating costs, these costs were
carefully researched and represent the best available estimates, short of a
firm construction bid price. There are, however, two major uncertainties in
the construction cost estimates which could have a profound impact on the
final cost: 1) the specific soil conditions found in the railroad alignment;
and 2) possible delays in the overall track construction schedule.

The unit cost for earthmoving used in the study was based on a cursory
examination of soil conditions in the Ft. Hood area. While it is unlikely
that average earthmoving costs will be significantly lower than this estimate,
they could be higher if unusual rock formations or unstable soil conditions
were encontered. This would increase the total capital cost for the rail
alternatives, which would translate into an increase in the annualized
opportunity cost of new capital, and thereby decrease the net annualized
benefits of rail relative to the other alternatives.

A major potential source of delay in rail construction comes from the
possible discovery of archeological sites within the proposed rail alignment.

These sites either would have to be fully excavated before construction could
continue, or the alignment changed to circumvent the site. Given the number

of archeological sites already uncovered at Ft. Hood, it is very likely that
the two-year construction estimate assumed in the study might increase by a
year or more. A one-year lag in construction would decrease the net annual-
ized benefits of the Full Rail alternative by about $1.2 million.

The rail construction cost estimates presented in this study are based on
the assumption that neither of the above problems will occur to any signifi-
cant extent. Consequently, the net annualized benefits resulting from the
rail alternatives reflect a somewhat optimistic construction scenario; any
deviation from this scenario will likely decrease the overall attractiveness
of rail relative to HETs.

Feasibility of Acquiring Division HET Companies. The military Full HET
alternative 1s predicated on the assumption that one or two fully equipped,
but partially staffed, HET companies can be assigned to Ft. Hood. While
simi lar organizational changes have been proposed in the past, it is by no
means certain that such a structure would be authorized by the Army, regard-
less of its economic merit. Some variations on the assumed organizational
structure of the military Full HET alternative, and their implications with
respect to net annualized benefits, are presented below.

If the military Full HET alternatives were implemented with fully staffed
division-based HET companies, annual personnel costs would increase by
approximately $1.5 million per company. While some of this increase in
personnel costs might be offset by military readiness and training benefits,
the Army would likely incur additional net costs above and beyond those stated
in this study.
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If division-based HET companies cannot be authorized, the HET alternative
might be implemented by reassigning one or more HET companies from other posts
to Ft. Hood. The suitability of such a move requires that the existing HET
companies be so underutilized that the benefits foregone at their current
posts plus the costs of moving them to Ft. Hood are less than the costs of
starting new companies at Ft. Hood.

Highway Damage from Increased HET Use. A major cost associated with the
HET alternative is the additional pavement damage resulting from the increased
number of heavily loaded vehicles using the range roads. As discussed in

Chapter 6, pavement damage is a function of the weight of the tracked vehicle
being carried and the number of load-bearing axles on the HET. Throughout

this study, it was assumed that the weight of an M1 tank was 59 tons and that
this weight, plus the weight of the HET tractor and trailer, was distributed
equally over the 7 axles of the M911/M747 HET unit. The resulting pavement

stress for this weight and axle configuration is 36 equivalent single axle
load (ESAL) miles per HET mile.

If the same tractor/trailer configuration were to carry the new 70-ton
M1Al tank being proposed for deployment at Ft. Hood, the resulting pavement
stress would increase to 80 ESAL-miles per HET mile, and the equivalent annual
highway depreciation would jump from $2.78 million to $5.14 million. However,
it is virtually certain that introduction of the M1Al tank to Ft. Hood will be
accompanied by replacement of the M747 HET trailer with the XM1000, because
the M747 is structurally unable to even support the weight of an M1A1 tank,
let alone transport it over a paved road. -

The load configuration of the XM1000 semitrailer will be distributed over
a minimum of 6 axles instead of 4. Resulting pavement stress from an M1Al
tank on this trailer would be approximately 20 ESAL-miles per HET mile, and
the equivalent annual highway depreciation would drop from $2.78 million to
$1.4 million. Thus, the most likely scenario involving introduction of the
M1Al tank to Ft. Hood will result in a 50 percent decrease in highway
depreciation and a corresponding increase in net annualized benefits for the
Full HET alternative.

Use of Existing Resources. "Existing resources" mean capital equipment,
facilities, materials, and labor already owned or employed by the Army. These
inc lude existing locomotives, flatcars, land, on-post highways, HET tractors
and semitrailers, tracked vehicles, HET crews and other military personnel,
and civilian labor. These resources could be either sold, released, or used
for a purpose other than one of the proposed alternatives. In the analysis,
each existing resource consumed was assigned a dollar value to reflect the
opportunity cost of not employing the resource in its next best use. None of
the existing resources was treated as "free" (i.e., an unrecoverable sunk
cost).

Exclusion of the costs of existing resources from the calculations would
reduce the annual costs and thereby increase the net benefits for all HET and
rail alternatives, but the greatest increase in net benefits would accrue to
the military HET alternatives.
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Discount Rate. In almost any investment feasibility analysis, the
discount or implicit real "interest" rate has a major quantitative effect on
the results, within ranges of discount rates that are plausible values for the
circumstances. Investments in long-lived assets (e.g., a railroad) compare
more favorably to other alternatives or to the status quo when lower discount

rates are used. This uncertainty cannot be eliminated, because there is no
rigorous way to establish the correct discount rate.

For the Fort Hood study, 4 percent was judged to be the lowest acceptable
rate and 10 percent the highest rate, with 7 percent chosen as the most
suitable discount rate. Using these values and holding other assumptions
constant, the annual net benefits for the commercial HET alternative varied
from $20.5 to $20.1 million, while those for the Full Rail went from $15.3 to
$8.7 as the discount rate went from 4 to 10 percent. The Full Rail
alternative, being the one with the largest initial investment, is the most
sensitive to the discount rate. Rankings within the rail alternatives change
with these rate variations, but the Full HET alternatives always remain
significantly higher in terms of net benefits.,
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CHAPTER 1. DESCRIPTIONS OF THE ALTERNATIVES

A total of ten transportation alternatives were investigated in this
study. Four of the alternatives involve construction of a railroad on post at
Ft. Hood and examine the costs and benefits of various proposed combinations
of track segments. Another four alternatives investigate the expanded use of
heavy equipment transporters (HETs) to move tracked combat vehicles to and
from the field for training. A base case alternative in which all tracked
vehicles are assumed to be roadmarched to and from training is provided as a
common standard of comparison for the HET and rail alternatives. Finally, an
alternative representing current HET operations is provided to compare the
potential costs and benefits of proposed alternatives to a "do nothing"
alternative. Each of these alternatives is discussed below.

1.1 THE BASE CASE (FULL ROADMARCH) ALTERNATIVE

Evaluation of a proposed project must necessarily be conducted as a
comparison between two alternatives (i.e., the assessment of benefits and
costs is always relative to something, rather than being an absolute measure-
ment). All project alternatives are compared initially to a base alternative,
and those projects whose net benefits exceed their costs may be compared to
each other.

The function of the base alternative is to represent the null case or
status quo. In that sense, it is treated as the most likely outcome if none
of the project alternatives are implemented. For purposes of evaluation,
however, the base case should constitute the best feasible use of the existing
stock of capital resources, including vehicles, rights-of-way, guideways such
as highways and railroad tracks, and other facilities. If the base alterna-
tive is not efficiently designed, a bias may be created in favor of one of the
project alternatives.

Compromises with realism are sometimes acceptable if the clarity of the
choices is improved. Current transportation of tracked vehicles at Ft. Hood
inc ludes some use of HETs, through the 96th Transportation Company in the 13th
Support Command (SUPCOM), but this has been ignored in designing the base
case. Instead, current HET operations are treated as a separate alternative.
Thus, the clarity of the comparison between HETs and the base case is enhanced
by designing the base alternative to exclude the use of HETs for carrying
tracked vehicles.



Under the Base Case or Full Roadmarch alternative, it is assumed that all
tracked vehicles are roadmarched (i.e., driven under their own power) to and
from on-post field training missions. It is also assumed that tracked
vehic les are roadmarched from their motor pool areas to the existing South Ft.
Hood railhead for outloading. HET use by the 96th Transportation Company is
assumed to be limited to recovery of disabled vehicles from the field.

Several factors are assumed to remain constant across all alternatives.
First, it is assumed that the current number of tracked vehic le movements to
and from training will remain the same across all alternatives into the
future. Second, it is assumed that the tracked vehicle mileage consumed in
actual training (i.e., in field training exercises) will be unaffected by the
transportation alternative. Consequently, any savings in tracked vehicle

mileage achieved under the proposed alternatives would be translated into
reductions in tracked vehicle operating costs.

1.2 HET ALTERNATIVES

A HET consists of a 3-axle tractor (M911) and a 4-axle semitrailer (M747),
as currently configured. One HET has the capacity to carry one tracked combat
vehicle such as an M1 tank or an M110 howitzer. Thus loaded, a HET is not
permitted on public highways because of the pavement stress resulting from the
amount of weight on each axle.

The operating and maintenance costs of a loaded HET are substantially less
than the costs of driving most tracked vehicles. Consequently, the economic
benefits of the HET alternative depend upon the level of utilization of
available HET vehicles, the capital costs of acquiring them, and purposes for
which HETs would be used other than hauling tracked vehicles.

Full HET Alternatives. Under the Full HET alternative, it is assumed that
each of the 2 armor divisions on post would have access to the equivalent of a
full HET company of 22 to 24 vehicles, staffed with sufficient personnel to
operate and maintain the HETs for the principal purpose of transporting
tracked vehicles to and from the field for training. All tracked combat
vehiiles, except those belonging to the M113 family would be transported via
HET.” Tracked vehicles would be loaded onto HETs in the motor pool areas in
order to minimize travel distance. HETs would travel along paved or improved
surface roads to an off-loading point as close as possible to the unit's final
training destination. HETs would not routinely travel in areas which are only

The assumption that M113 tracked vehicles would not be transported via
HET is based on a comparison of the respective 0 & M costs and depre-
ciation for the two mcdes of transortation. Including HET deadhead

mi leage, the average cost to transport an M113 by HET ($26.34/mile) is
higher than the cost to roadmarch the vehicle ($17.94/mile).



accesible via tank trails. Consequently, access to certain training areas
would require that the tracked vehicles be off-loaded and roadmarched a short
distance to their final destination. Tracked vehicle crews, who typically
ride in their vehicles under a roadmarch scenario, would have to be trans-

ported to the field by truck or, if space were available, in the roadmarched
M113 personnel carriers.

Typical HET assignments would involve transporting company-sized units,
requiring from 6 to 18 HETs per assignment. Battalion-sized units would
require the HETs to make up to 4 round trips in order to transport all tracked
vehicles to the field. Most company-sized HET assignments could be comp leted
in 2 to 2.5 hours, including loading and off-loading the tracked vehicles and
deadheading the empty HETs back to the motor pool area. Battalion-sized units
would require up to 12 hours to get all tracked vehicles to the field.

Current estimates of on-post training at Ft. Hood indicate that each armor
division conducts approximately 410 company-size training missions per year
(see Table 2-2). This estimate includes battalion-level training multiplied by
the number of company-sized units in each battalion. Approximately 390 of
these training missions involve tracked vehicles which might be transported by
HET. If each training mission involves an average of 15 tracked vehicles and
requires 2 HET lifts per vehicle (one to bring the vehicles out to the field
and the other to recover them at the completion of their mission), then the
expected workload for a division HET company would be about 780 assignments or
11,700 total lifts per year. Based on a 250-day workyear, this translates
into an average of 3 assignments per HET company or 2.1 lifts per HET per day.

The Full HET alternative could be implemented in a variety of ways. If
military HETs were used, the necessary personnel and equipment could be
acquired by assigning or establishing HET companies in the support commands of
each armor division, or by assigning two additional HET companies to the 13th
SUPCOM. This option will henceforth be referred to as the 2-Company HET
Option, and it is assumed that HET companies would be estab|1sﬁe5 within each
armor division. Alternatively, under a commercial HET Option, vehicles and
drivers could be acquired through a contract with a commercial heavy equipment

hauler. The comparative costs of using military versus commercial HETs are
examined in Chapter 5,

In order to realize the potential cost savings of a Full HET alternative,
division training would require a more rigidly structured scheduling process
and greater coordination among military unit commanders than presently exists.
This increased structure is necessary in order to avoid peaking problems in
which too many training missions are scheduled to begin and/or end on the same
day, making it impossible for one HET company to transport all units. It is
assumed that the extra level of effort needed to efficiently schedule and
coordinate all division training requirements would be about one-half labor-
year per division, centered principally in the division's G3 office.

The military HET and commercial HET options described above assume no
significant contribution from the existing HET Company in moving tracked
vehicles on post. If the 96th Transportation Company were also to provide
on-post transportation service for both armor divisions, then the average



number of company-level movements that could be handled per day would increase
by up to 50 percent across the two divisions. This capacity would be suffi-
cient to accomodate approximately 90 percent of current on-post training
movements without the need for scheduling restrictions. It would enable each
division to realize the full savings in tracked vehicle operating costs while
sacrificing relatively 1ittle in terms of training flexibility.

The Full HET alternative could also be implemented with only one addi-
tional HET company if the existing HET company were used to transport tracked
vehicles on a full time basis. This 1l-company HET Option would require a sig-
nificant change in the duties and perceived peacetime role of the 9th Trans-
portation Company as well as recognition that full-time utilization will lead
to more rapid depreciation and reduced combat readiness of the HET equipment.

Current HET Operations. Current operations at Ft. Hood represent a
partial HET alternative in which one HET company (the 96th Transportation
Company) provides on-post transportation for tracked vehicles of both armor
divisions. HET transportation is requested independently by units (generally,
at the battalion level) within each division, and is provided on a first-come,
first-served basis by the HET company. When demand exceeds the available
supply of HET's on a given day, the unit's request is denied and vehicles must
be roadmarched to the field.

Based on information provided by the 13th SUPCOM, during FY 1985 the 96th
Transportation Company conducted 3403 1ifts of tracked vehicles on post at Ft.
Hood. (A 1ift is defined as transporting one tracked vehicle either out to or
back from the field via HET.) While the tracked vehicle makes only a one-way
trip, the HET makes a round trip and must typically deadhead one way).
Approximately 75 percent of the HET 1ifts involved Ml tanks, while the
remaining 25 1ifts were distributed among other heavy tracked support vehicles
and artillery pieces (i.e., M2/M3, M88, M109, M110, M578). Furthermore, it
was indicated that most HET operations involved battalion-level movements;
relatively few company-level training missions or gunnery practices were
transported via HET.

Expanded Existing HET Alternative. Current operational procedures do not
represent the optimal use of existing HET capacity at Ft. Hood. With little
or no coordination in training schedules between divisions, HET utilization is
subject to severe peaking problems. The 96th Transportation Company may have
no 1ifts requested for several consecutive days, and then have so many
requests on a single day that it must deny service to some units. Moreover,
units themselves may fail to request HET transportation because they feel it
would be denied, when in fact, it may be available.

The number of 1ifts conducted by the 96th Transportation Company during
1985 represents only 29 percent of the potential number of 1ifts that could be
handled by a dedicated division HET company. This suggests that considerable
savings in tracked vehicle operating costs could be achieved with little or no
capital investment through better utilization of the existing HETs on post.



Under the Expanded Existing HET alternative, it is assumed that the 96th
Transportation Company could provide approximately 11,500 1ifts per year., The
1ifts would be split between the two resident armor divisions, and would be
prioritized to favor transportation of heavier, higher cost tracked vehicles.
The substantial increase in the number of 1ifts provided through the 96th
Transportation Company would be achieved principally through improved sched-
uling and coordination of division training movements and more stringent
limitations on roadmarching. As with the one-company Full HET Alternative,
this option would require a change in the perceived peacetime role of the 9%th
Transportation Company, and would result in more rapid depreciation of
existing HET equipment.

1.3 RAIL ALTERNATIVES

A railroad offers the potential of low ton-mile operating costs but
requires a large initial investment in fixed facilities and rolling stock. In
contrast to HETs, the rail alternative depends heavily on scale economies and,
hence, high utilization of capacity. Because railheads and sidings cannot be
placed close to as many training destinations as HETs can travel to, the
maximum feasible share of tracked vehicle mileage that can be carried by rail
is less than for HETs. However, the low marginal cost of adding another
railcar to a train enables the rail alternative to carry a number of Tighter
tracked vehicles (e.g., M113s) that cannot be transported efficiently by HETs.

The possible variations within the rail alternative consist of track
segments. Obviously, the total share of mileage carried by rail will increase
with the length of the railroad, other things being equal, but costs will also
increase. By ranking the segments of the rail system from those with the
Teast cost and highest usage potential to those with the highest cost per
usage, the most efficient rail system can be designed for comparison to the
base and HET alternatives. The factors making this optimization difficult are
the interaction effects between segments that increase utilization of base
segments with addition of other segments, and the need for connectivity. The
following rail segments were specifically examined in this study:

1. A base segment extending from the South Ft. Hood motor pool area to
North Ft. Hood along an alignment paralleling West Range Road, plus a
spur to the Santa Fe Railroad (ATSF) trackage. (West Line)

2. A segment extending the West Line from the South Ft. Hood motor pool
area to the Curry tank course just South of Cowhouse Creek along an
alignment paralleling East Range Road. (West Line to Curry)

3. A segment extending the West Line from North Ft. Hood to the
Crittenberger tank course along an alignment paralleling East Range
Road. (West Line to Crittenberger)



4. A full loop around the live fire area, connecting the Curry and

Crittenberger extensions with a track segment and bridge crossing the
Cowhouse Creek on the eastern side of the live fire area. (Full Rail)

The physical configuration and general operation of the Full Rail alter-
native are described below. Briefer descriptions are provided for each of the

partial rail alternatives, focusing principally on their key differences from
the Full Rail alternative.

Full Rail Alternative. Under the Full Rail alternative, a single track,
standard gauge railroad would be constructed on post at Ft. Hood. The
railroad would be configured as a closed loop, extending from the cantonment
area at South Ft. Hood, along the western perimeter of the live fire area to
the Mobilization and Training Equipment Site (MATES) at North Ft. Hood, and
then returning along the eastern perimeter of the live fire area to the South
Ft. Hood cantonment area (see Figure 1-1). A segment of trackage would
connect the on-post railroad to the ATSF railroad located south of the
cantonment area. Seven sidings/railheads would be constructed at strategic
locations along the main track, including a railhead and rail maintenance yard
near the South Ft. Hood motor pool area, a railhead at the North Ft. Hood
MATES facility, and five field sidings near major M1 and M2/M3 firing ranges.
Each siding would consist of trackage parallel to the mainiine track long
enough to hold a 40-car train transporting a battalion-size unit of tracked
combat vehicles. At one end of each siding would be a spur leading to four
track segments with endramps for loading and off-loading tracked vehicles.
Each track segment would be long enough to hold a 10-car consist. More
detailed descriptions of the rail alignment and schematic layouts of the two
major railheads, a typical field siding, and cross-section of the railroad
right-of-way track are included in Appendix A.

As in the Full HET alternative, the principal function of the on-post
railroad would be to transport tracked combat vehicles to and from the field
for training missions. Additionally, the railroad would be used to transport
tracked vehicles and heavy vehicle repair parts (e.g., tank tracks) to both
the South Ft. Hood cantonment area and the North Ft. Hood MATES facility.

Typical on-post rail movements would involve one or more company-sized
units, with each company requiring 6 to 10 rajlcars. Trains would generally
be made up of company-sized consists, up to a maximum of 40 cars. This limit
is imposed by the physical capacity of the proposed field siding. A1l tracked
combat vehicles, including those belonging to the M113 family, would be
eligible for transportation by rail, subject to a maximum limit of 80 vehicles
per train. Units having more than 80 tracked vehicles either would have to
roadmarch some of their vehicles or would require more than one train to
comp lete their move. For the purposes of this study, it was assumed that alli
tracked vehicles would be transported to the field via train, regardless of
the size of the military unit.
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Tracked vehicles would be driven from their motor pools to the South Ft.
Hood railhead (an average distance of 0.5 mile) where they would be loaded,
"circus style" (i.e., loaded from one end of the consist and driven under
their own power down the line of railcars) onto waiting DODX flatcars.
Vehicles typically would be loaded 2 per railcar. When all railcars in a
consist have been loaded and secured, locomotives would assemble the ccnsists
into a train and move it out onto the mainline trackage. Consists would be
pulled to the siding closest to a unit's final training destination. A train
might make from one to four stops per run, depending on the number of separate
units it is carrying and the locations of their training missions. Upon
reaching its siding, the consist would be moved into position on one of the
end tracks, and vehicles would be off-loaded, circus-style. Once off-loaded,
the unit would then roadmarch to its final destination. As with the HET
alternative, tracked vehicle crews would have to be transported to the field
siding by truck.

Since the proposed railroad forms a loop only around the live fire area,
travel to many training areas would still require a unit to roadmarch its
vehicles a significant distance. In fact, some locations (training areas
21-27 and the Pilot Knob and Blackwell M1 ranges, for example) would receive
no benefit from the proposed railroad. These areas would continue to be
accessible only via roadmarching or by HET.

For units returning to the cantonment area after completion of their
training mission, transportation procedures would be reversed. A unit would
roadmarch its vehicles to the nearest field siding and begin loading onto
waiting railcars. After all tracked vehicles in the unit have been loaded and
secured, a locomotive would assemble and/or add the consist to a train and
pull the train back to the South Ft. Hood railhead where consists would be
disassembled and vehicles off-loaded.

Estimates of the time required to transport a company-sized unit via rail
to a training area depend on a number of parameters. These include: 1) the
time required to load the tracked vehicles onto railcars and secure them (1.5
to 2 hr per 10-car consist); 2) the time required to assemble up to four
10-car consists into a train (0 to 1.5 hr); 3) travel time to the appropriate
siding (.5 to 1.5 hr); 4) the time required to break off a consist from a
train or to disassemble a train into 10-car consists at a siding (0 to 1 hr);
5) the time required to off-load a company-sized unit from the railcars (.5
hr); 6) and finally, the time required to roadmarch the unit from the rail
siding to the final training destination (0 to .5 hr). Summing up these
component times yields a total travel time per unit varying from 3.0 to 10
hours for a single train, and up to 19 hours if two trains are required.

Shorter overall travel times would typically be associated with trains
pulling 10 or fewer railcars, because they would not have to assemble or
disassemble consists. Moreover, loading times would probably be less because
fewer tracked vehicles would have to be moved to the railhead simultaneously.
Transportation of units requiring 10 flatcars or less would therefore
generally be handled using one train per unit.



For larger units, the time required to assemble and disassemble consists
(1 to 2.5 hr) is roughly comparable to the time required for a locomotive to
make a round trip. On the basis of rail operating costs, it would be more
efficient in these cases to run a single multiple-consist train rather than
make two or more runs of a single consist train, assuming that all consists
could be loaded simultaneously. For the purposes of this study, it was
assumed that a unit requiring between 10 and 40 flatcars would be transported
as a single, multiple-consist train. Units requiring more than 40 flatcars
(e.g., armor or infantry battalions) would be transported to the field in two
train movements.

Based on estimates of annual on-post training missions that could feasibly
be transported via rail, the expected workload for a railroad at Ft. Hood
would be approximately 1030 train movements per year for the two armor
divisions. In addition, it is envisioned that a railroad would provide
on-post tracked vehicle transportation for Texas National Guard units
operating out of North Ft. Hood as well as on-post movement of vehicles and
equipment being outloaded by rail. These duties could add another 100 train
movements per year. Total on-post demand for the railroad could therefore be
as high as 1130 train movements per year, or an average of about 4 movements
per day during the week and 1 movement per day on weekends. To accommodate
this demand, it is assumed that two locomotives operating on staggered 10-hour
shifts during weekdays, and a single locomotive operating on weekends, would
be required. The railroad would be operated either by civil service crews or
through a long-term contract with a commercial railroad. A more detailed
description of proposed operating strategies for the railroad, including train
crew composition, is presented in Chapter 5. y

Scheduling of transportation requests under the Full Rail alternative
would be somewhat more complex than under the Full HET alternative. First, it
would be necessary to develop and coordinate a transportation schedule among
all units in both armor divisions, instead of just within a single division.
Second, the timing of transportation requests will be constrained not only by
the availability of a locomotive but also by the availability of an unoccupied
field siding. For the purposes of this analysis, it is assumed that the extra
level of effort needed to efficiently schedule training under the rail alter-
native would be about one-half labor-year per division (as under the Full HET
alternative), plus one additional labor-year to coordinate schedules between
the two divisions, to allocate railcars and locomotives to meet combined
training requirements, and to oversee all on-post rail operations.

West Line Alternative. The West Line represents the shortest feasible
rail alternative that would provide both access to North Ft. Hood and a
limited amount of on-post transportation of tracked vehicles. Under the West
Line alternative, both the Crittenberger and Curry sidings would be eliminated
along with all trackage leading to them. Rail transportation would be
unavailable to virtually all east side training areas and firing ranges, and
units going to these areas would have to roadmarch their vehicles. This will
result in a substantial increase in tracked vehicle operating costs over the
Full Rail alternative. These costs are discussed in detail in Chapter 4.




The principal cost savings under this alternative result from the elimin-
ation of about 15 miles of mainline trackage and two field sidings. Although
the number of annual train movements would be reduced by about 25 percent
(from 1130 to 850), railroad operating costs would not decrease proportion-
ately. This is because an on-post railroad would continue to require the
equivalent of two train crews per weekday to handle the potential variation in
dai ly demand and one crew on weekends to handle demand from North Ft. Hood.

West Line to Crittenberger. The addition of the Crittenberger extension
to the West Line alternative would provide direct rail access to the most
heavily utilized M1 tank course on post and would enable tracked vehicles some
rail access to training areas northeast of Cowhouse Creek (TA 1-8). Units
would still have to roadmarch to training areas and firing ranges located east
of the cantonment area (TA 11-19), but this alternative would provide much
greater savings in tracked vehicle operating costs than the West Line alone.

The principal cost savings in this alternative relative to the Full Rail
alternative would result from elimination of relatively expensive trackage
along East Range Road to the Cowhouse Creek and the Cowhouse Creek bridge.
Rail operating costs under this alternative would not be substantially
different from those incurred under the Full Rail alternative.

West Line to Curry. The addition of the Curry extension to the West Line
provides [imited rail access to all training areas and firing ranges along
East Range Road without incurring the expense of building a railroad bridge
across the Cowhouse Creek. However, elimination of the Crittenberger
extension means that armor units going to Crittenberger would have to road-
march their venicles either 6 miles from the Curry siding or 10 miles from
North Ft. Hood. Rail operating costs under this alternative would be
essentially the same as those incurred under the Full Rail alternative.
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CHAPTER 2. TRANSPORTATION DEMAND ESTIMATES

A heavy vehicle transportation system at Ft. Hood will be a worthwhile
investment only to the extent that it is used and that the associated benefits
and cost savings are greater than the costs required to build and operate it.
This section identifies the potential sources of demand for a heavy vehicle
transportation system at Ft. Hood, and estimates how much of this demand would
be satisfied under each of the proposed alternatives. These demand estimates
are used in subsequent analyses to determine transportation system operating
costs and cost savings from reduced roadmarching of tracked vehicles.

It is expected that the principal source of demand for a heavy vehicle
transportation system at Ft. Hood would come from the two resident armor
divisions to transport tracked combat vehicles between motor pool storage
areas and various firing ranges and field training areas on post. Additional
demand for on-post transportation of tracked vehicles is expected to come from
Texas National Guard (TXNG) units training out of the MATES facility at North
Ft. Hood. A heavy vehicle transportation system may also facilitate the
out loading of vehicles and equipment for off-post training (e.g., to and from
the National Training Center (NTC) at Ft. Irwin, CA) or wartime mobilization.
Furthermore, given that the transportation system provides a direct rail link
between the local service railroad and vehicle maintenance facilities at Ft.
Hood, additional cost savings could be achieved in the transportation of
vehicles and heavy equipment parts between Ft. Hood and Army Materiel Command
(AMC) depots. Each of these sources of demand is examined in detail below.

2.1 ON-POST MOVEMENT OF TRACKED VEHICLES FOR TRAINING

Each of the military units garrisoned at Ft. Hood participate in a variety
of training activities. Most of these training activities involve the
movement of heavy, tracked combat vehicles from the unit's motor pool area,
located along North Avenue, to designated training areas and firing ranges
located throughout the post. Because of the high operating and maintenance
(0 & M) costs associated with roadmarching tracked vehicles, significant cost

savings could be achieved by transporting them to and from training areas by
some other means.

The principal measure of demand for on-post movement of tracked vehic les
used in this study is annual vehicle-miles traveled to and from training. 1In
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the Base Case alternative, all of this demand is assumed to be met by road-
marching. By comparing the roadmarch mileage under each alternative with that
derived for the Base Case, an estimate of the potential savings in vehicle-
miles is obtained. This number, in turn, is used as input in computing
operating cost savings under each alternative.

Due to the large differences in 0 & M costs and annual mileage among the
various tracked vehicles, separate mileage estimates were computed for each
major vehicle type. For the purposes of this study, 3 major tracked vehicle

categories were identified: M1 tanks, M2/M3 fighting vehicles, and all other
tracked combat vehicles.

Tracked vehicle mileage was computed using the following procedure:

1. An inventory of all tracked combat vehicles on-post at Ft. Hood was
obtained from III Corps. Vehicles were categorized and assigned to
military units based on the most recent Modification Table of Organiza-
tion and Equipment (MTOE). Only those units having a significant number
of tracked vehicles were studied further.

2. For each military unit studied, estimates were obtained concerning the

types and frequencies of training in which the unit typically partici-
pates.

3. Roadmarch distances from the motor pool area at South Ft. Hood to each
major firing range, training area, and artillery firing emplacement were
measured from a topographic map of the Ft. Hood area. Additional
measurements were made to each of these areas from the nearest proposed
rail sidings and improved surface roads in order to approximate road-
march distances under each of the various alternatives. Rail and HET

distances from the motor pool area. to the respective drop-off points
were also measured.

4, Based on available information regarding training frequencies and
restrictions on the use of various training areas and firing ranges by
certain unit types, estimates of average round-trip mileages were
developed for each military unit/training mission combination identified
in Step 2. Mileage estimates were stratified by roadmarch and trans-
ported mileage for each alternative studied.

5. The tracked vehicle inventory for each military unit/training mission
combination (from Step 1) was multiplied by the appropriate mileage
(from Step 4) to obtain average round-trip vehicle-mile estimates by
vehicle type under each alternative. These estimates were, in turn,
multiplied by average training mission frequencies (from Step 2) and by
the number of units on post to obtain estimates of total annual
vehic le-ii les by vehicle for each military unit/training mission
combination. Estimates were then summed across all military units,
mission types, and vehicles for each of the three major tracked vehicle
categories to obtain total annual tracked vehicle mileage for each of
the alternatives studied.

12



The remainder of this section documents in greater detail the data sources
and underlying assumptions used in the demand analysis.

Tracked Vehicle Inventory. An on-post inventory of tracked combat
vehicles assigned to the 1st Cavalry and 2nd Armor Divisions was obtained from
III Corps (G4). This inventory was last updated at the end of FY 1985, and
represents the best available information about vehicles actually on post at
Ft. Hood. It does not, however, reflect pending acquisitions of new tracked
vehicles to meet full division authorizations, nor does it reflect the

retirement and replacement of older weapon systems and support vehicles by new
vehicle types.

A more detailed breakdown of the allocation of tracked combat vehicles
among military units within each division was derived from the Army's most
recent MTOE. As such, it represents what is authorized to each unit, not what
is actually there. This information, presented in Appendix B, was used to
create a tracked vehicle inventory by military unit that would form the basis
for all subsequent vehicle mileage computations.

Table 2-1 compares the actual on-post vehicle inventory with the autho-
rized inventory derived from the MTOE. The two lists are very consistent with

respect to most vehicles, and identical with respect to the M1 and M2/M3
tracked vehicles which are of primary interest to this demand analysis.

Military Unit and Training Mission Type. Based on the unit allocations of
tracked combat vehicles and discussions with III Corps and with the 2nd Armor
Division (G3), 15 military unit types were identified which appeared to
involve the movement of a significant number of tracked vehicles to and from
the field for training purposes. The training missions that these units
engage in fall into three major categories, distinguished principally by the
location of the training: 1) gunnery or direct fire practices, which take
place at one or more of the 11 tank ranges on post; 2) artillery or indirect
fire practices, which take place at one or more of the 196 artillery emplace-
ments on post; and 3) field training exercises and evaluation, which take
place at one or more of the 43 designated training areas on post. Table 2-2
lists the military units that were included in the analysis, the number of
these units currently on post, and the type and frequency of training in which
each unit typically participates.

The training frequencies listed in Table 2-2 represent current "best
estimates" of the average number of times that a company- or battalion-level
unit travels to the field over the course of a year. They do not include
training exercises undertaken by smaller units (e.g., platoons) which are
typically spontaneous in nature, of short duration, and take place relatively
close to the cantonment area. Furthermore, based on telephone conversations
and documentation supplied by the 2nd Armor Division, it appears that the
actual training activities for any specific military unit may deviate from
these averages for a variety of reasons, including scheduling conflicts,
off-post training activities, and priorities of individual unit commanders.

13



TABLE 2-1.
FORT HOOD TRACKED VEHICLE INVENTORY

Vehicles Actual Difference
ID# Description of Vehicle Authorized Vehicles in Vehicle
in MTOE on Post Inventory
M1 "Abrams" Combat Battle Tank 464 464 0
M2 "Brad ley" Infantry Vehicle 216 216 0
M3 “Bradley" Cavalry Vehicle 152 152 0
AVLB  Armored Vehicle Launched Bridge 24 28 4
M88 Heavy Armored Recovery Vehicle 102 100 -2
M106 107mm Mortar Carrier 84 81 -3
M109 155mm Howitzer 72 72 0
M110 8" Howitzer 24 25 1
M113 Armored Personnel Carrier 418 449 311
M163  "Vulcan" 20mm Anti-Aircraft Gun 48 48 0
M270 Multiple Launch Rocket System 18 9 -92
M548 Ammunition Carrier 102 103 1
M577 Mobile Command Post 202 203 1
M578 Light Armored Recovery Vehicle 34 34 0
M728 Combat Engineer Vehicle 12 12 0
M730 “Chaparral" SAM Missle Launcher 48 48 0
M901 Improved TOW Missle Launcher 48 49 1
M1015 Electronics Equipment Carrier 8 9 1
TOTAL VEHICLES IN INVENTORY 2076 2102 26

1. M113 armored personnel carriers are sometimes used as substitutes for other
tracked carriers. This may account for the apparent excess in these
vehicles over actual unit authorizations.

2. Although each armor division is authorized one MLRS batttery in its field
artillery brigade, as of the end of FY 1985 only the 2nd Armor Division
actually had an operational MLRS battery. It is expected that a MLRS
battery will be assigned to the 1st Cavalry Division in FY 1986.

14



TABLE 2-2.

MILITARY UNIT TYPES AND ANNUAL TRAINING FREQUENCIES

On-Post Training Categories

Units Gunnery Field Artillery

Mi litary Unit Type on Post Practice Training Practice
Armor Brigade Units

Armor Company 32 4 4 -

Infantry Company 16 4 4 -

Tank Destroyer (TOW) Co. 4 4 4 -

Armor Battalion 8 - 2 -

Infantry Battalion 4 3 -

Composite Battalion 8 2 -
Field Artillery (DIVARTY)

155mm Howitzer Battery 12 2 2

8" Howitzer Battery 4 2 2

MLRS Rocket Battery 2 2 - 2

155mm Howitzer Battalion 4 - - 4

8"/MLRS Battalion 2 - - 4
Air Defense (DIVAD)

Vulican Battery 4 - 2 4

Chaparral Battery 4 - 2 4
Division Troop Elements

Cavalry Troop 4 4 -

Engineer Company 6 - 6 -
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Computation of Average Round-Trip Mileages to Training. Distances from
the motor pools at South Ft. Hood to each major firing range, training area,
and artiliery firing emplacement were measured off a 1:50,000 scale topogra-
phic map of the Ft. Hood area provided by III Corps (DRM). The map (5-DMA,
series V782S) depicts training areas and firing ranges as of 1982. A minimum
of three sets of measursments were made for each training destination:

1. Full Roadmarch - distances were measured from the mid-point of the motor
pool area to each destination along established tank trails.

2. HET Alternatives - HET distances were measured from the mid-point of the
motor pool area along paved or improved surface roads to off-loading
points as close as possible to each destination. Roadmarch distances
were measured from these off-loading points to the final destinations
along established tank trails.

3. Full Rail Alternative - Rail distances were measured from the proposed
railhead at South Ft. Hood along the proposed rail right-of-way to the
rail siding nearest each destination. An additional 0.5 mile was added
to this rail distance to reflect terminal operations at the origin and
destination sidings. Roadmarch distances were measured from the destin-
ation siding to each training destination along established tank trails.
An additional 1.0 mile was added to this roadmarch distance to reflect
travel from the motor pools to the South Ft. Hood railhead.

4. Partial Rail Alternatives - for those destinations where the nearest
rail siding would be eliminated under a partial rail alternative, rail

and roadmarch distances were measured to the next existing siding. The
distance computations were the same as for the Full Rail Alternative.

The measured distances served as input data for calculations of average
round-trip training mileages for the 24 military unit/training mission combin-
ations identified in Table 2-2. These average mileage estimates are summar-
ized in Table 2-3 for the base case and for each major transportation alterna-
tive. Assumptions and procedures used to compute the mileage for each
combination are presented in Appendix C.

Computation of Annual Tracked Vehicle Mileage. Each of the military
unit/training mission combinations identified in Table 2-2 has a specific set
of tracked combat vehicles associated with it. These vehicle sets were multi-
plied by appropriate round-trip roadmarch mileages to obtain average tracked
vehicle-miles by training mission type under each alternative for both the
unit and for individual vehicle types within the unit. For the Full Roadmarch
and rail alternatives, the computations involved multiplying each tracked
vehicle in the unit by the corresponding roadmarch mileages presented in Table
2-3.

For the HET alternatives, it was assumed that all vehicles of the M113
family would be roadmarched from the motor pool area to training rather than
transported via HET. Consequently, the following vehicle types were multi-
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plied by the Full Roadmarch distances: M106 (107mm mortar carrier), M113

(armored personnel carrier), M548 (ammunition carrier), M577 (mobile command
post), and M901 (improved TOW vehicle).

Estimates of the number of HET-transported tracked vehicles were further
reduced for the Current HET and Expanded Existing HET operations by the number
of lifts which could be provided with existing equipment.

Based on information from 13th SUPCOM (180th Transportation Bn), the total
number of HET lifts provided during FY 1985 was known (3403), as was the
approximate percentage of those lifts which involved M1 tanks (75%). However,
no information was available on the specific units or training missions
carried via HET, or on the average annual mileage that the HETs traveled.
Therefore, in order to obtain estimates of the tracked vehicle and HET mi leage
incurred under Current HET operations, it was necessary to construct a
distribution of HET movements which conformed with available information.

Using the 3403 lifts per year as a control total and the relative shares
of tracked vehicles transported via HET as guidelines, a hypothetical scenario
of FY 1985 HET operations was constructed. It was assumed that 50 percent of
all armor battalion training (including both "pure" armor battalions and
composite battalions) was transported via HET. It was further assumed that 25
percent of armor company and division field artillery battalion training was
transported via HET. Computation of the total number of 1ifts represented by
these mission types is presented in Table 2-4.

Under this scenario, 2528 lifts or 74.3 percent of all HET lifts involved
M1 tanks. Therefore, although the scenario may -not precisely replicate the FY
1985 operations of the 96th Transportation Company at Ft. Hood, it is consis-
tent with the information provided and provides a reasonable approximation of
the tracked vehicle mileage currently being saved by using HETs.

A similar scenario was constructed for the Expanded Existing HET alter-
native, using 11,500 lifts as a control total. In order to maximize cost
savings, it was assumed that only M1 and M2/M3 tracked vehicles would be
transported via HETs. Highest priority would be given to gunnery and training
missions involving M1 armor units; remaining HET capacity would be utilized
for gunnery and training missions involving M2 mechanized infantry units. It
was assumed that 75 percent of all armor company- and battalion-level training
and 50 to 67 percent of all mechanized infantry training could be transported
under the Expanded Existing HET alternative. Computation of the total number
of lifts represented by these mission types is presented in Table 2-4.

The Expanded Existing HET scenario described above does not necessarily
represent the optimal allocation of HET lifts to mission types. The maximum
savings in tracked vehicle costs would be achieved if 100 percent of the
missions involving M1 tanks were transported by HET, and any remaining HET
capacity were allocated to transporting M2/M3 vehicles. Given likely sched-
uling conflicts and the difficulty of coordinating training between the two
resident armor divisions, however, it does not appear reasonable to expect
that all M1 training missions could be supported with only one HET company.
Therefore a more realistic goal of 75 percent was used.
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COMPUTATION OF HET USAGE UNDER PARTIAL HET OPERATIONS

TABLE 2-4.

Missions Vehic le Share of Total
Type of Mission per Post Lifts per Missions Lifts
per Year Mission via HET per Year
Current HET Operations
Armor Co. Training 128 28 .25 896
Armor Bn. Training 16 142 .50 1136
Composite Bn. Training 16 140 .50 1120
155 mm Bn. Training 16 38 .25 152
8 inch Bn. Training 8 50 .25 100
3404
Expanded Existing HET
Armor Co. Gunnery 128 32 .75 3072
Armor Co. Training 128 28 .75 2688
Armor Bn. Training 16 128 .75 1536
Composite Bn. Training 16 126 .75 1512
Infantry Co. Gunnery 64 30 .50 960
Infantry Co. Training 64 26 .50 832
Infantry Bn. Training 8 120 .67 960
11,560
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Calculation of annual tracked vehicle mileage under the Current HET and
Expanded Existing HET alternatives involved taking weighted averages of the
Full Roadmarch and Full HET distances in Table 2-3 for each of the military
unit/mission combinations identified in Table 2-4. For example, the average

mi leage estimate for armor company training under Current HET operations would
be computed as:

.25 x Full HET mileage + .75 x Full Roadmarch mi leage

Military unit/mission combinations not identified as being transported under
the partial HET operations were assumed to incur the same average mileage as
under the Full Roadmarch alternative.

Tracked Vehicle Mileage Results and Sensitivity Tests. The resulting
round-trip mileage for each vehicle type were aggregated into the 3 major
vehicle categories (M1, M2/M3, and other) for each military unit/training
mission combination. These values were multiplied by the training mission
frequency and the number of military units on post and summed over all
military units and mission types to obtain total annual vehicle-miles by
vehic le category (see Appendix D). Average annual vehic le-miles were obtained
by dividing the total annual vehicle-miles by the number of vehicles in each
category. Table 2-5 presents the total and average annual vehic le-miles to

and from training for the three major vehicle categories under each of the
alternatives.

The mileage estimates in Table 2-5 show that the Full HET alternative
offers a substantially larger reduction in M1 and M2/M3 roadmarch mileage than
any of the rail alternatives. The rail alternatives, on the other hand, offer
a slightly greater reduction in roadmarch mileage for other tracked vehicles,
specifically those in the M113 family. The principal reason for these differ-
ences is that although fewer tracked vehicles would be transported under the
Full HET alternative, those vehicles which were transported could be taken
closer to their final training destination. By loading vehicles having the
highest operating costs onto HETs (i.e., the M1, M2/M3, and other heavy
support vehicles), the HET alternatives can also provide greater average
operating cost savings per vehicle transported.

As a check on the reasonableness of the demand estimation procedure,
estimates of average annual mileage per vehicle were computed for the M1, M2,
and M3 using Base Case roadmarch distances and stratifying the components of
mi leage by military unit and type of training. The results of this analysis
are presented in Table 2-6. When travel between firing ranges is included,
the estimated mileage for the M1 and M2 vehicle types is not significantly
different than the estimate of 300 miles/year per vehicle used in the original
Ft. Hood study (see Appendix H). The lower average mileage estimate for the
M3 is attributable to the fact that the vehicle is used by battalion head-
quarter companies and by cavalry troops, both of which participate in field
training less than either armor or infantry companies.
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TABLE 2-5.
ANNUAL TRACKED VEHICLE MILEAGE TO AND FROM TRAINING

Transportation Alternative M1 M2/M3 Other

Total Annual Tracked Vehicle-Miles (all vehicles)

Full Roadmarch 113,435 84,573 125,023
Current HET Operations 84,596 79,839 119,773
Expanded Existing HET . 36,193 46,071 125,023
Full HET Alternative 10,445 6,561 81,198
Full Rail Alternative 49,944 34,624 52,817
West Line to Curry 56,461 37,100 56,581
West Line to Crittenberger 54,949 39,141 63,546
West Line Only 70,453 46,450 79,202

Average Annual Tracked Vehicle-Miles (per vehicle)

(Number of Vehic les) (464) (368) (1052)1
Full Roadmarch 244,47 229.82 118.84
Current HET Operations 182.32 216.95 113.85
Expanded Existing HET 78.00 125.19 118.84
Full HET Alternative 22.51 17.83 77.18
Full Rail Alternative 107.64 94.09 50.21
West Line to Curry 121.68 100.82 53.78
West Line to Crittenberger 118.42 106.36 60.40
West Line Only 151.84 126.22 75.29

1. The number of vehicles in the "other" category includes only those vehic les
which were assigned to the 15 military unit types studied in the demand
analysis.
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TABLE 2-6.

COMPONENTS OF AVERAGE ANNUAL TRACKED VEHICLE MILEAGE

Average Annual Miles per Vehicle

Mi litary Unit/Mission Type M1 M2 M3
Armor Battalion (vehicles/unit) (58) (6)
Gunnery Practice 62.28 62.28
Inter-Range Travel 40.20 40.20
Company Field Training 91.38 0.00
Battalion Field Training 90.82 103.28
Total Annual Mileage 284.68 205.76
Infantry Battalion (vehicles/unit) (54) (6)
Gunnery Practice 79.56 79.56
Inter-Range Travel 28.40 28.40
Company Field Training 115.99 0.00
Battalion Field Training 77.46 77.46
Total Annual Mi leage '561:51' -Iég:aé-
Cavalry Squadron (vehicles/unit) (40)
Gunnery Practice 79.56
Interrange Travel 28.40
Troop Field Training 94,01
Total Annual Mileage 201.97
AVERAGE ANNUAL MILEAGE/VEHICLE 284.68 301.41 200.50
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Computation of Annual HET and Rail Mi leage. Estimates of the tracked
vehicle mileage which would be carried via HET or rail under each of the
alternatives were computed in a manner analogous to that used for computing
tracked vehicle mileage. For each military unit/mission type, the corres-
ponding HET or rail distance from Table 2-3 was multiplied by the number of
tracked vehicles in the unit (excluding those vehicles which were assumed %o
be roadmarched). These mileage estimates were multiplied by training mission
frequency and number of military units on post and summed over all military

unit/training mission combinations to get total annual tracked vehicle-miles
carried under each alternative.

For the HET alternatives, tracked vehicle mileages were grouped into two
categories based on the weight of the tracked vehicle: vehicles weighing in
excess of 50 tons (specifically, the M1, AVLB, M88, and M728), and all others.
This stratification was used in subsequent analyses to estimate pavement
damage to roads used by the HETs (see Chapter 6). It was also assumed that
HETs would normally deadhead back to the motor pool area after off-loading
their tracked vehicle, and would tqerefore incur additional operating mileage
equal to the total loaded mi leage.

For the rail alternatives, tracked vehicle mileages were summed over all
vehicle categories with no distinction by vehicle weight, and the resulting

mileage divided by two, based on the assumption that tracked vehicles would be
loaded two per railcar, to get total annual loaded railcar-miles.

An estimate was also made of the average annual locomotive-miles incurred
under each rail alternative. Locomotive-miles were used in subsequent calcu-
lations to compute the 0 & M costs and depreciation on locomotives. For the
purposes of these calculations, it was assumed that at least one locomotive
would be required each time a military unit traveled to the field for
training, regardless of the size of the unit. The average rail mileage for
each military unit/training mission combination was multiplied by the annual
mission frequency and number of units on post, and summed across all combina-
tions to get total annual loaded train-miles. As with the HET alternative, it
was assumed that locomotives would normally deadhead back to the South Ft.
Hood railheads after dropping off their railcars, and would therefore incur
additional mileage equal to the total loaded mileage.

The specific calculations of HET and rail mileage for each combination of
military unit and training mission is presented in Appendix E. Table 2-7
summarizes the resulting annual mileages by transportation mode for the HET
alternatives; Table 2-8 does the same for the rail alternatives.

1 This assumption admittedly represents a "worst case" scenario with respect
to total HET mileage. However, current training practices show a clear
tendency for units to travel out to the field during the morning and back
to the motor pool area during the afternoon, in order to get in a full day
of training. Anticipated continuation of this practice will make it
difficult for any of the transportation alternatives to avoid a signifi-
cant amount of deadheading. To the extent that deadheading can be
reduced, some additional cost savings would be realized.
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2.2 OUTLOADING OF TRACKED VEHICLES FROM SOUTH FT. HOOD

In addition to the on-post training described in the preceding section,
each military unit garrisoned at Ft. Hood travels off-post for training, on
average, once a year. O0ff-post training exercises typically involve moving a
battalion- or brigade-sized unit by rail to another post or to the NTC at Ft.
Irwin, CA.

Currently, when a unit is outloaded from Ft. Hood via rail, all vehicles
are roadmarched from their motor pool areas to the South Ft. Hood railhead.
The average one-way distance for this trip is 2.75 miles. Under any of the
proposed rail alternatives, a new railhead would be constructed near North
Avenue, an average distance of 1.0 mile from the motor pools. Thus, the
average savings in tracked vehicle mileage for units outloading under any of
the proposed rail alternativss would be 1.75 miles per one-way vehicle trip,
or 3.5 miles per round-trip.

Multiplying the average savings in tracked vehicle mileage by the number
of vehicles authorized to the two armor divisions on post (see Table 2-1), the
total annual savings in tracked vehicle miles for each of the three major
vehicle categories was computed to be: M1 tanks - 1624 miles; M2/M3 fighting
vehicles - 1288 miles; all other tracked vehicles - 4354 miles.

The incremental mileage incurred by rail vehicles to provide this savings
in tracked vehicle mileage is relatively insignificant -- an average of 45
miles per year per railcar and 85 miles per year per locomotive. This mi leage
is implicitly included in the total annual rail vehicle mileage used to
compute annual 0 & M costs and depreciation (see Chapter 5).

2.3 ON-POST MOVEMENT OF TEXAS NATIONAL GUARD VEHICLES

The MATES facility at North Ft. Hood provides maintenance and storage for
tracked vehicles belonging to the 49th Armor Division of the Texas National
Guard (TXNG). Units from the TXNG use the firing ranges and training areas at
Ft. Hood for their weekend drills and 2-week summer training camps. According
to the superintendent of MATES, North Ft. Hood has the equivalent of six armor

battalions and two cavalry squadrons using the facility and its equipment
throughout the year.

2 Comparab le savings in vehicle mileage could also be achieved by transport-

ing the tracked vehicles from their motor pool areas to the existing Ft.
Hood railhead via HET. However, these savings in tracked vehicle mi leage
would be largely offset by the additional time and manpower required to
load, transport, and off-load the vehicles from HETs. From a logistics
standpoint, therefore, HETs do not appear to be a realistic alternative for
out loading.
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If a railroad siding were located at MATES and the railroad were opera-
tional on weekends, it is anticipated that TXNG units would use it to
transport armor and cavalry units to and from firing ranges. Tracked vehicles
scheduled for weekend gunnery practice would be loaded onto railcars prior to
the arrival of TXNG soldiers using a skeleton crew of MATES personnel. The
loaded railcars would be stored at the North Ft. Hood railhead until the units
arrived, and then pulled to the appropriate field siding in time for gunnery
practice on Saturday morning. Units would have to load the tracked vehicles
back onto railcars at the conclusion of their gunnery practice, but the
railcars could be off-loaded early the following week using MATES personnel.
It has been suggested that TXNG units would be unable to utilize HETs in a
comparab le manner because there are not enough HET trailers to allow vehicles
to be loaded in advance and stored until TXNG units arrive. TXNG units going
on field training exercises would continue to roadmarch their vehicles to and
from the field as part of their training.

Each armor and cavaliry unit is required to take gunnery (firing range)
twice a year. Both of these units are comprised entirely of M60 combat battle
tanks when going for gunnery practice. Table 2-9 summarizes the computations

used to estimate the number of annual M60 trips that would be carried by rail
from North Ft. Hood.

Computation of the average annual mileage for tracked vehicles, railcars,
and locomotives from MATES to TXNG firing ranges followed the same procedure
as described in Section 2.1 and Appendix C. Table 2-10 presents a summary of
the resulting mileage estimates for the Full Roadmarch and each of the four
rail alternatives.

The difference in annual M60 mileage between each of the rail alternatives
and the Full Roadmarch alternative was multiplied by the average operating and
maintenance cost and depreciation per mile for the M60 to get an estimate of
the average annual cost savings for on-post transportation of TXNG units (see
Chapter 7). Average railcar and locomotive mileage for this transportation is
implicitly included in the total rail vehicle mileage used to compute rail
0 & M costs and depreciation.

2.4 SHIPMENT OF EQUIPMENT AND SPARE PARTS

It was anticipated that an on-post railroad would enable both both the III
Corps (DOL) maintenance facility at South Ft. Hood and the MATES facility at
North Ft. Hood to benefit from lower transportation costs in shipping tracked
vehicles and heavy equipment parts by rail instead of by truck. However,
subsequent discussions with South Ft. Hood DOL personnel indicated that rail
provides little or no cost savings for shipments weighing less than 45,000 Ibs
or for shipments of one railcar-load or less. Based on Military Traffic
Management Command (MTMC) and Ft. Hood cost experience, rail transportation is
used only when large numbers of vehicles are out loaded or when one or more
heavy tracked vehicles must be shipped to a destination where local highway
ordinances prohibit use of commercial HETs. Moreover, it was determined that
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TABLE 2-9.
COMPUTATION OF M60 TANK TRIPS FROM MATES

Tanks Missions Total
Unit Type Units per per M60
on Post Unit Unit Trips
Armor Battalion 6 58 2 696
Cavalry Squadron 2 27 2 108
TOTAL M60 TRIPS 804
TABLE 2-10.

ANNUAL VEHICLE-MILES FOR ON-POST MOVEMENT OF TXNG UNITS

Average Number of Average Average
Alternative M60 Train Rai lcar Locomotive

Mi leage Movements Mi leage Mi leage
Full Roadmarch 23,605
Full Rail 3,296 50 137 1,361
West Line to Curry 3,891 48 181 1,728
West Line to Crittenberger 5,499 50 133 1,325
West Line Only 6,512 48 148 1,415
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the existing rail facilities at South Ft. Hood are adequate for most rail
shipments other than the vehicle outloading described in Section 2.2. On the
basis of this information, it was concluded that the potential near-term
benefits to South Ft. Hood for occasional shipments of vehicles and spare
parts would be minimal.

For those shipments to and from MATES where rail offers significant cost
savings over commercial truck, it is possible even today to transport or
roadmarch the shipment to the existing South Ft. Hood Railhead. Thus, the
maximum cost savings that an on-post railroad could provide for this activity
is equal to the cost of roadmarching a tracked vehicle or transporting a
shipment from MATES to the South Ft. Hood railhead. This distance was
measured to be 22.0 miles. Based on information obtained from MATES,
approximately 1000 tracked vehicles were shipped to or from North Ft. Hood
during FY 1985. Thus, the potential savings in tracked vehicle mileage under
any of the proposed rail alternatives for shipments to or from North Ft. Hood
would be 22,000 miles per year.

Although some additional cost savings might also be achieved from the
shipment of heavy vehicle parts, such as tracks or engine assemblies, by rail,
the available information suggests that these savings will be small. Since
the above estimate tends to overstate actual cost savings from the shipment of

tracked vehicles, no additional cost savings were included for other MATES
shipments.

In principle, a portion of the cost savings achieved by a railroad link to
North Ft. Hood could also be realized under the Full HET alternative, assuming
HETs were used to transport tracked vehicles to and from the South Ft. Hood
railhead. However, this activity would increase total annual HET mileage by
as much as 44,000 miles if the HETs had to deadhead from their motor pool to
MATES. Moreover, use of HETs would require extra time and effort to transfer
the tracked vehicles from the HETs to railcars. This transfer could be
especially difficult if the tracked vehicle were inoperative. The combination
of extra wear and tear on the HET vehicles, together with the extra time and
effort involved in transfers would largely offset the cost savings from
reduced tracked vehicle mileage. Thus, for this study, it was assumed that no

benefits would accrue under the HET alternatives from the shipment of tracked
vehic les and parts to MATES.

28



CHAPTER 3. DIRECT CAPITAL COSTS

Costs included in this section are initial or front-end expenditures for
long- lived assets, consisting of vehicles and facilities. From the standpoint
of estimating net benefits, it makes no difference whether items are accounted
for on the cost or benefit side (so long as they have the right sign). From
the standpoint of a fixed capital budget, however, alternatives may be
selected in part on the basis of their benefit to capital cost ratios, and the
ordering may depend upon which costs are included in the base of the ratio.

Direct capital costs are those which represent expenditures for acquisi-
tion of “new" equipment and facilities. Leased or rented vehicles and facili-
ties could be covered on either the capital cost or the benefit (operating
cost) side, but more likely the latter, since they would be taken from

operating rather than capital budgets. Wear and tear of existing assets would
be covered on the benefits (depreciation) side.

Replacement of existing transportation facilities, such as highways or
tank trails, might be included in a base case alternative as capital costs if
they were significant and imminent. If such a base case called for substan-
tial direct capital expenditures, and the decision to replace existing
facilities was not foregone, then another base case should be designed to
represent a “disinvestment" scenario. Replacement of existing facilities
would then become one investment alternative to be compared against other,
perhaps higher capital, alternatives.

For this study, no direct capital costs are identified for the Full
Roadmarch or Current HET Operations alternatives, because no transportation
facilities are currently available whose costs could or would be avoided under
an alternative scenario. Direct capital costs for the Expanded Exisiting HET
and Full HET alternatives are summarized in Table 3-1; capital costs for the
rail alternatives are summarized in Tables 3-2 and 3-3.

3.1 HET VEHICLES

A total of 44 HET tractor/trailer units would be required to outfit the
equivalent of 2 HET companies as proposed in the Full HET alternative. The
estimated cost of a new HET unit is $260,000 -- $160,000 for an M911 tractor
and approximately $100,000 for a new XM1000 trailer with a net load capacity
of 70 tons.
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The estimated useful life of a HET tractor is 100,000 miles; existing HET
trailers have a useful life of approximately 50,000 miles because they are
underdesigned for the load of an M1 tank. It is assumed that new HET trailers
will have a useful life more in line with that of the HET tractor -- 100,000
mi les.

In addition to the 22 HETs currently assigned to the 13th SUPCOM, there
are 8 HETs assigned to the 1st Cavalry Division and 6 HETs assigned to the 2nd
Armor Division. Under the 2-Company Full HET Option, it is assumed that the
14 divisional HETs would be assigned to the new division HET companies; there-
fore, a total of 30 new HETs would have to be purchased. Under the 1-Company
Full HET Option, it is assumed that the divisional HETs would remain with
their units, and that 22 new HETs would be purchased for a second HET Company

in the 13th SUPCOM. No new HETs would be purchased under either the commer-
cial Full HET Option or the Expanded Existing HET Alternative.

The 14 existing divisional HET trailers and those currently assigned to
the 13th SUPCOM will eventually have to be replaced in order to transport the
new M1Al tank, which has an estimated net weight of 70 tons. However, this
vehicle replacement would have to take place under any of the proposed
alternatives, if HETs are to continue their military function of transporting
tanks to and from active combat areas. Consequently, the capital cost for
immediate replacement of existing HET trailers is not explicitly included in
any of the alternatives studied.

Capital costs for HET tractors and trailers under the commercial HET
alternative are implicitly included in the price of the contract. Since there
would be no up-front capital cost to the Army, the costs for commercial HETs
are treated as depreciation to existing vehicles.

3.2 HET STRUCTURES AND FACILITIES

Under the Full HET alternative, it is assumed that HETs will travel over
existing paved and improved surface roads on post; no new rights-of-way would
have to be constructed. While increased HET usage will certainly result in a
more rapid deterioration of the existing roads, these costs are accounted for
under highway depreciation (see Section 6.1). It is also possible that
additional paved or improved roads might be constructed to provide access to
training areas that are currently accessible only via tank trails. However,
such construction can be viewed as an extension to the Full HET alternative

that would result in both additional costs and benefits. As such, it has not
been included in this study.

Three capital investments which would be required in order to implement
the Full HET alternative are: 1) the construction of parking and maintenance
facilities for the new HET tractor/trailer units; 2) construction and
equipping of administrative facilities for HET operations; and 3) upgrading
or reconstruction of the existing range road bridges. The costs for these
investments are discussed below.
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HET Maintenance Facilities. The acquisition of 22 or 30 new HET tractor-
trailer units will require additional parking and vehicle maintenance
facilities. The unit cost to construct additional parking in the motor pool
area is estimated to be $5000 per HET.

It is also assumed that additional maintenance bays would have to be
constructed, at an estimated cost of $100,000 each. Eight new bays would be
required under the 2-Company Option (four bays in each division's motor pool),
while only 5 new bays would be required under the 1-Company Option. Under the
commercial HET Option, it is assumed that maintenance facilities would be pro-

vided on-post, and that 5 new bays would have to be constructed to handle the
commercial HET maintenance.

HET Administrative Facilities. Additional office space would be needed on
post to house HET operations and general administrative functions for the new
HET companies. In the absence of more detailed information regarding the cost
of construction and availability of office space on post, an estimate of
$1 million for HET infrastructure facilities is assumed for all military Full
HET Options. Costs for construction of additional housing to accommodate
military personnel assigned to the new HET companies has been implicitly
included under HET operational costs as a component of military salaries and
allowances. Capital costs for administrative facilities under the commercial
HET alternative are assumed to be $300,000 for office space and equipment.

Upgrading or Replacement of Existing Range Road Bridges. Some of the
existing bridges along the range roads would have to be upgraded to accomodate
the expected loads under the Full HET alternatives. The most obvious and
potentially most costly improvement would be to the bridge over the Cowhouse
Creek on East Range Road. The existing bridge is both too narrow and unable to
support the weight of two fully loaded HETs. In order to provide full HET
access to firing ranges and training areas along East Range Road north of
Cowhouse Creek, this bridge must be upgraded or replaced by a structure able
to support the weight of two fully loaded HETs and of sufficient width to
allow two oncoming HETs to pass one another on the structure itself.

No detailed engineering analysis has been performed, either as part of
this study or by III Corps (DEH), to estimate the cost of upgrading the
Cowhouse Creek bridge or any of the West Range Road bridges to accommodate
anticipated HET loads. In the absence of more detailed information, an
estimated total cost of $5 million is used for bridge improvements. Bridge
improvement costs are also included for the Expanded Existing HET alternative.

3.3 RAIL VEHICLES

Two types of vehicles would be required under any of the proposed rail
alternatives -- Jlocomotive power units and flatcars capable of carrying the
tracked vehicles resident at Ft. Hood. Capital cost estimates for each of
these vehicle categories are presented below.
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TABLE 3-2.
DIRECT CAPITAL COSTS - RAIL VEHICLES AND FACILITIES

Rail Locomotives

Unit Cost for Locomotive $250,000
X Number of Locomotives Required 2
TOTAL COST FOR LOCOMOTIVES $500,000

Rail Flatcars

Unit Cost for Flatcar $90,000
X Number of Flatcars Required 25
TOTAL COST FOR FLATCARS $2,250,000

Rail Maintenance and Administrative Facilities

Railroad Administrative Facilities $300,000
Track Maintenance Equipment $34,000
Rail Vehicle Maintenance Equipment $10,000
TOTAL COST FOR RAIL FACILITIES $344,000

Rail Locomotives. Based on the railroad operating strategy described in
Chapter 1 and the demand levels presented in Chapter 2, an on-post railroad at
Ft. Hood would handle between 850 and 1150 train movements per year, with an
average gross weight (including locomotive and railcars) of 1100 tons per
train. The maximum expected gross weight per train, for transportation of an
armor battalion to the field, is 2600 tons (assuming that a battalion would be
transported in two train trips). In order to provide sufficent locomotive
capacity to handle both the average daily volume of train movements and the
maximum expected train load, a minimum of two 3600 hp locomotives would be
required.

Reconditioned 200-ton GP-9 (general purpose) locomotives, upgraded to
GP-15 status, would effectively meet Ft. Hood's rail locomotive requirements;
these could be purchased for approximately $250,000 each. The estimated
useful life of these reconditioned locomotives is 5 million miles.
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Ft. Hood currently has two 100-ton switcher locomotives assigned to it for
the purposes of moving small numbers of railcars on post and assembling
consists in preparation for outloading. These locomotives would not be
adequate over the long term to handle the estimated volume of on-post vehicle
movements. They would, however, be suitable as temporary replacements for the
“new" locomotives in the event of routine maintenance or breakdown.

[t has been suggested that the capital cost of locomotives may be avoided
a ltogether by utilizing Army-owned vehicles that are currently in cocoon
storage. These locomotives may, indeed, have a zero opportunity cost as far as
the Army is concerned. Actual depreciation would be relevant in any case,
however, because increased use would require earlier replacement. Before a
zero opportunity cost for existing locomotives is accepted, it should be
determined that 1) they have the necessary performance characteristics, 2)
they are the most efficient locomotives to use for this purpose, 3) their
continued possession by the Army is a cost-effective choice even if they are
not used at Fort Hood, and 4) their current benefits do not consist solely of
option demand. Option demand means that retention of the locomotives keeps
them available in the event of mobilization, for which purpose they are
satisfactory for the indefinite future, whereas regular use would soon
necessitate replacement. If one or more of these conditions is not met, the
locomotives have an opportunity cost as well as a depreciation cost.

Rail Flatcars. A sufficient number of flatcars must be available under
each rail alternative to enable transported military units to load and unload
their tracked vehicles under normal operating conditions without excessive
time pressure from other units waiting to use the empty flatcars. At an
average of 4 to 6 train movements per day, this implies that a minimum of 60
flatcars would be needed for normal daily on-post operations.

The estimated unit cost for a 68 ft. 40-series DODX flatcar, with a gross
weight of 150.5 tons is $90,000. The estimated useful life of these flatcars
is 2.5 million miles.

There are currently 70 of the 40-series DODX flatcars assigned to Ft.
Hood. Another 35 flatcars (38-series) are also assigned to Ft. Hood, but
these would be unsuitable over the long term for on-post tracked vehicle
movements due to their wood decks, their more primitive tie-down provisions,
and their inability to carry more than one heavy tracked vehicle per car.
Typical off-post training missions (e.g., to NTC at Ft. Irwin, CA) utilize
approximately 30-35 of the 40-series DODX flatcars, leaving the remainder
available for on-post activites. Thus, in order to assure sufficient on-post
capacity at all times, an additional 25 flatcars would have to be purchased.

It has been reported that an additional 100 DODX flatcars will be assigned
to Ft. Hood for mobilization purposes. Assuming that some or all of these
assigned flatcars are 40-series cars, then no additional flatcars would have
to be purchased under any of the rail alternatives.
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3.4 OTHER RAIL FACILITIES AND EQUIPMENT

In addition to the acquisition of rolling stock and track construction

(discussed in Section 3.5), other rail capital costs include the construction
and equipping of locomotive and track maintenance facilities and administra-
tive facilities for the railroad. These costs are described below.

Rail Maintenance and Administrative Facilities. Although it is not
envisioned that a railroad at Ft. Hood would require extensive maintenance
facilities, it should, at a minimum, have a maintenance siding where routine
locomotive and railcar maintenance (e.g., 0il changes, brakeshoe replacements)
and inspections could be conducted. The cost of such a siding, including a
locomotive maintenance pit has been estimated to cost approximately $350,000.
This cost has been incorporated into the overall construction cost estimate
for the South Ft. Hood railhead. The cost of additional office space and
equipment for railroad administrative operations is estimated to be approx-
imately $300,000.

Track and Rail Vehicle Maintenance Equipment. Basic, specialized tools
for routine maintenance and repair of track, locomotives, and railcars would
have to be purchased along with one or two high rail pick-up trucks for
routine inspection and transportation of track maintenance crews. The
estimated cost for two pick-up trucks and high rail sets is $24,000. Track
maintenance tools, including rail drills, saws, vibrators/tampers, etc. would
cost approximately $10,000. Basic locomotive and railcar maintenance tools,
such as wheel pullers would cost an additional $10,000, resulting in a total
cost for new tools and equipment of $44,000.

3.5 RAILROAD RIGHT-OF-WAY AND STRUCTURES

The predominant capital expense under any of the proposed rail alterna-
tives is for construction of the railroad over which the trains would run.
The railroad includes not only the mainline trackage, but all sidings, rail-
heads, spurs, and connections to other existing trackage. Railroad construc-
tion costs consist of planning and engineering; clearing and grading of the
right-of-way; ballast, ties, rails, switches, crossings and signals; bridges
and drainage structures; and relocation and reconstruction of existing roads
situated in the right-of-way.

In addition to construction costs for the railroad itself, each rail
alternative will incur costs for the construction of ramps, staging areas, and
lighting at each of the railheads and sidings where tracked vehicles would be
loaded and off-loaded. It is assumed that all rail construction would be
carried out by private firms procured under competitive contracts, so that
expenditures would reflect the full costs of acquiring the capital facilities.
Each of these costs is discussed below.
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Railroad Construction. The length of the railroad varies by alternative
from less than 30 miles of mainline track and 5 sidings/railheads under the
West Line alternative to approximately 46 miles of mainline track and 7
sidings/railheads under the Full Rail alternative. These differences in track
mi leage, together with variations in the costs of right-of-way and site
preparation due to terrain, result in significant differences in the estimated
construction costs among the rail alternatives, as shown in Table 3-3. Pre-
liminary construction cost estimates, including right-of-way preparation and
trackwork for each rail segment, siding, and railhead were prepared by HOR
Infrastructure, Inc., and R. M. Brown Associates. The estimates are included
in Appendix Section F.6. A summary description of these cost components and
reasons for their variations among alternatives is presented here.

Grading and Drainage. A substantial amount of earthmoving would be
required in order to meet recommended design criteria for maximum track
curvature (4 degrees) and grade (1.75 percent) within the mainline track
alignment proposed by Ft. Hood. Additional earthwork would be required to
prepare level sites for railheads and field sidings. Unit costs for earth-
moving are assumed to average $2.75 per cubic yard. Total costs for each
alternative were computed by multiplying the unit cost by the amount of cut-
and-fill required for each track segment and siding. Costs for drainage
structures (i.e. culverts and channels) to handle surface runoff and provide
crossings for intermittent streams were estimated to add approximately 10
percent to the grading costs for each trackage segment.

Track and Switches. Estimates for the cost for installing track on a
prepared right-of-way are based on recent bid prices obtained from the Union
Pacific Railroad. An average cost of $82.75 per foot includes new 115# rail,
12" of ballast, wood ties, and labor. This unit cost applies to both mainline
track and all sidings/railheads. Given the existing soil conditions at Ft.
Hood, it is assumed that no additional sub-ballast would be required.

Two types of turnout switches would be used on the Ft. Hood railroad: #14
switches would be used for all turnouts from the mainline trackage, while #9
switches would be used within all sidings and railheads. The estimated costs
per switch for materials and installation are $42,500 for the #14 switch and
$27,850 for the #9 switch.

Crossings. The proposed railroad would cross existing range roads and
tank trails at numerous locations along its alignment. Each crossing would

require additional grading as well as construction of a durable road or trail
surface to minimize damage to the rails.

The estimated cost for a typical range road crossing is $3000 plus the
cost of reconstructing a portion of the road to provide a suitable angle